Abstract -The chemistry o f dimethylaminopolyboranes Bn(NMe )nX2 ( n = 3, =-= C1, B r ) has been i n v e s t i g a t e d . Nucleophil i c s u b s t i t u t i o n o f t h e h a l i d e s by NHR, OR, SR and R groups i s r e a d i l y achieved as w e l l as by d if u n c t i o n a l nucleophiles which g i v e access t o boron r i c h heterocycles. The c h a r a c t e r i s t i c f e a t u r e o f a l l these new compounds i s t h e almost perpendic u l a r arrangement o f t h e BNMe2 u n i t s .
INTRODUCTION
Dialkylamino groups e x e r t a s t a b i l i z i n g e f f e c t on boron compounds. This i s due t o e l e c t r o n i c and s t e r i c s h i e l d i n g o f the boron atom t o which t h e R N s u b s t i t u e n t i s bonded. Using t h i s e f f e c t f o r more than 25 years a l a r g e v a r i e t y o f new i i n d s o f boron compounds have been made accessible by o u r group ( r e f . 1). To name a few examples: monomeric phosphino ( r e f . 2), a r s i n o and s t i b i n o boranes ( r e f . 31, s i l y l and stannyl boranes ( r e f . 4, 51, b o r y l t r a n s i t i o n metal compounds ( r e f . 6 ) o r s a l t s o f t h e bis(dialky1amino)boron c a t i o n s ( r e f . 7 ) . The present r e p o r t concentrates on t h r e e t o p i c s i n which t h i s e f f e c t plays a l s o an important r o l e : i )
ii) i i i ) t h e search f o r an amino phosphanylidene borane R2N L' B = PR.
t h e chemistry o f dimethylamino polyboranes, t h e chemistry o f amino imino boranes,
SOME NOVEL CHEMISTRY OF DIMETHYLAMINO POLYBORANES
The synthesis o f tetrakis(dimethylamino)diborane(4) was independently r e p o r t e d by Brotherton e t a l . ( r e f . 8) and by our group ( r e f . 9 ) almost 30 years ago. I t forms i n h i g h y i e l d by dehalogenation o f bis(dimethy1amino)boron c h l o r i d e . Using t h e same procedure h i g h e r members o f t h e s e r i e s Bn(NMe2) were obtained ( r e f . 10) i n c l u d i n g t h e cyclohexaborane (BNMe2)6 (ref. 11). Apart from &fNMe2)4 t h e chemistry o f these e l e c t r o n p r e c i s e polyborane d e r i v at i v e s remained, however, almost unexplored, since t h e y were accessible o n l y i n low y i e l d .
We have now optimized t h e c o n d i t i o n s f o r t h e i r preparation, and i t proved e s s e n t i a l t o emp l o y a s h o r t path d i s t i l l a t i o n f o r separating t h e species B2(NMe )4, B3(NMe2)5, B4(NMe ) 6 and B6(NMe2)8 e f f e c t i v e l y . Representative y i e l d s and some c h a r a c t e r i z i n g data f o r t h e $ec h l o r i n a t i o n on a l : l m i x t u r e of B2(NMe2)$1 and (Me N) BC1 by Na/K a l l o y , optimized f o r t h e p r e p a r a t i o n o f t h e t r i b o r a n e ( 5 ) t o some extent. Using EtBC12, MeBBr2 and MeBI2 r e s p e c t i v e l y , two Me2N groups, one each a t t h e terminal boron atoms, can be replaced by a halogen atom. Yields obtained f o r t h e 1,3-dihalogeno-I ,2,3-tris(dimethylamino)-triboranes(5) l i e i n t h e range o f 60 -80 %. S i m i l a r l y , compounds B (NMe )4X2 (X = C1, Br, I ) were i s o l a t e d s t a r t i n g from Bq(NMe2)6. F u r t h e r s u b s t it u t i o n o f Me26 groups by MezN/halogen exchange so f a r l e a d n e i t h e r t o d e f i n e d n o r d e t a c t a b l e intermediates, mind BnXn+2 e l e c t r o n p r e c i s e polyboron h a l i d e s .
The dimethylamino polyboron d i h a l i d e s nevertheless proved t o be s u i t a b l e f o r e x p l o r i n g and expanding t h e s u b s t i t u t i o n chemistry o f these and r e l a t e d polyborane species. Using B3(NMe2)3Br~ as an example a s e r i e s o f t r i b o r a n e s B3(NMe2)gY2 (Y = OR, SR, R) was prepared by n u c l e o p h i l i c s u b s t i t u t i o n o f t h e bromine ( o r a l s o c h l o r i n e ) atoms. Most o f these compounds are c r y s t a l l i n e , and some s t r u c t u r e s a r e represented by t h e f o l l o w i n g ORTEP p l o t s . It can be noted t h a t t h e B -B bond l e n g t h s increase as t h e terminal BN bond becomes s h o r t e r .
Therefore, t h e B -B bond i s i n f l u e n c e d by t h e nature o f t h e s u b s t i t u e n t s Y. More important i s t h e c h a r a c t e r i s t i c conformation o f t h e chain: w h i l e a l l boron atoms show a p l a n a r arrangement o f t h e s u b s t i t u e n t s , t h e BCN2 planes a r e almost p e r p e n d i c u l a r l y o r i e n t e d t o one another. Therefore. t h e r e i s no T -i n t e r a c t i o n between adiacent boron atoms i n t h e chain. This same B4( NMe2 )4(SPh 12. k i n d o f s t r u c t u r a l f e a t u r e i s a l s o observed i n t h e X-ray s t r u c t u r e o f ORTEP PLOTS heterocycles, 6 and 7 -, c o n t a i n i n g t h e t r i b o r o n u n i t , r e s u l t from t h e t r i b o r o n dibromide B3(NMe2) Br2 w i t h catechol o r 2,2-dimethyl-propylendiamine. The C2O2B3 r i n g i n 6 possesses boat conjonnation as revealed by an X-ray s t r u c t u r e determination, and t h e perpendicular arrangement o f t h e dimethylamino boron u n i t s i s again observed. Attempts t o synthesize t h e four membered phosphatriboretane 8 f a i l e d . The product obtained from B3(NMe2)3Br2 and Li2Pmes (meS = meSitYl group) i S t h e e i g h t membered r i n g 9 whose xr a y s t r u c t u r e has a l s o been determined. 
I t i s e v i d e n t from these r e s u l t s t h a t t h e d i h a l i d e s Bn(NMe2)nXz can be used as synthons f o r t h e c o n s t r u c t i o n o f new polyboron heterocycles by r e a c t i n g these d i h a l i d e s w i t h d i f u n c t i o n a l molecules. I n t e r e s t i n g l y , t h e r e a c t i o n o f B3(NM2) Br2 w i t h MezSi(NHtBu)z i n t h e presence o f N E t produced n o t t h e s i x membered r i n g 1 b u t a t 120 "C t h e a z a t r i b o r e t i d i n e 2. Under these

NEW AMINO IMINO BORANE CHEMISTRY AND A CAGE/CLUSTER REARRANGEMENT
Amino imino boranes R2N "' B = NR' a r e extremely v e r s a t i l e reagents ( r e f . 13). Provided t h a t s t e r i c s h i e l d i n g i s n o t t o o pronounced they dimerize i n a (2+2)-cycloaddition r e a c t i o n t o g i v e 1 ,3,ZY4-diazadiboretidines. With t h i s k i n d o f information one can c o n s t r u c t and synthes i z e molecules c o n t a i n i n g more than one imino borane group. Two r e p r e s e n t a t i v e examples a r e shown as 10 and 11 (tmp = 2,2,6,6-tetramethylpiperidino group). Stable molecules r e s u l t i f t h e i m i n o T i t r o g Z i atom i s bonded t o a tert.-carbon atom. I f an aromatic group i s t h e subs t i t u e n t then i t i s e s s e n t i a l t h a t t h e two o r t h o -p o s i t i o n s c a r r y a t l e a s t methyl groups.
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It i s w e l l known t h a t "BH3" o f f e r e d t o tmp o r B2H6 leads t o t h e hydroboration product 1?_ which i s t t e r m a l l y unstable decomposing r e a d il y i n t o tmpBH2, tmpB2Hg and (Me$NBH)3 ( r e f . 13). I n c o n t r a s t , t h e analogous product d e r i v e d from 1,8-bis(tetramethyl -p i p e r i d i n o -i m i n o b o r y l )-p-menthane gives 2, s t a b l e up t o 200 "C.
The reason f o r t h i s enhanced s t a b i l i t y i s n o t r e a d i l y understood and may be associated w i t h t h e s o l i d s t a t e o f la.
B N -CMe i n t h e form o f BH3.THF, BH3.SMe2
Hydroboration r e a c t i o n s w i t h B3H7.L r e q u i r e u s u a l l y more d r a s t i c c o n d i t i o n s as compared t o BH3.L. Indeed, a much slower r a t e i s observed f o r t h e r e a c t i o n o f B3H7.L w i t h tmp -B = N -CMe3, a l l o w i n g t h e d i m e r i z a t i o n o f t h e amino imino borane t o compete e f f e c t i v el y w i t h t h e hydroboration (about 50 %). The X-ray s t r u c t u r e o f t h e hydroboration product i s shown as 14. It corresponds w i t h t h e 1104 r a t h e r than t h e a l t e r n a t i v e 2013 s t y x n o t a t i o n ,
Therefore-e s t r u c t u r e o f 14 i s c l o s e l y r e l a t e d t o t h e s t r u c t u r e o f B3H7C0 ( r e f . 14).
Pentaborane(9) d i d n o t r e a c t with trnp -B = N -CMe3 a t ambient temperature i n c o n t r a s t t o B1 H14. However, t h e o b j e c t t o achieve t h e formation o f ~&sO-B10H 0(Btmp)NCMe3 w i t h evolu!ion o f two mols o f H2 could n o t be accomplished. Not unexpectedly, decaborane a c t s as a p r o t i c a c i d towards t h e e l e c t r o n r i c h amino imino borane: t h e c a t i o n tmp = B = NHCMe3+ and t h e anion B10H13-a r e most l i k e l y intermediates and n u c l e o p h i l i c a t t a c k o f t h i s anion on t h e e l e c t r o p h i l i c boron c e n t r e i n t h e c a t i o n leads t o a novel k i n d o f B -B bond formation. As t h e s t r u c t u r e o f t h e compound 15 shows, an a d d i t i o n a l p r o t o n migrates t o g i v e
BloH12(B(Htmp)NHCMe3) as t h e f E a l product. 21 was n o t r e a l l y compatible w i t h t h e proposed s t r u c t u r e . I f t h e s t r u c t u r e was c o r r e c t , then was t o be expected t h a t t h i s compound would chloroborate tmp ' -< B '+ N -CMe . A 1 : 1 r ea c t i o n does indeed occur, b u t t h e mentioned 11s NMR s i g n a l remains almost una?tered. Theref o r e t h e s t r u c t u r a l u n i t associated w i t h t h i s boron atom remained t h e same. There a r e two more 11B NMR s i g n a l s f o r 22 i n d i c a t i v e f o r a BN3 u n i t as w e l l as f o r a t e t r a c o o r d i n a t e d boron atom. These data a r e i n accord w i t h t h e r e s u l t o f an X-ray s t r u c t u r e a n a l y s i s represented as formula 22. Thus, t h e B -B bond i n 20 i s broken and i t s cage s t r u c t u r e has changed i n t o a n _ i d F s t r u c t u r e i n 22. T h e r e f o r e y o n e can conclude from the 11s NMR data t h a t 21 i s a c t u a l l y represented by the-ido-cluster s t r u c t u r e 23, and t h i s has been ascertained f i r (C0)6Fe SzBz(NMe2)Br by an X-ray s t r u c t u r e a n a l y s i s . K i d a t i o n o f 22 by LiNMe2 leads t o t h e dimethygamine d e r i v a t i v e whose Fe -B bond t o t h e apex Fe atom h a s i n c r e a s e d by 0.4a i n comparison w i t h 22. T h i s i s due t o s t r o n g r -b o n d i n g i n t h e c l u s t e r BNMe2 u n i t which competes favourably w i t h B e m u l t i c e n t e r bonding i n t h e c l u s t e r . Even more important i s t h e observat i o n t h a t 23 can be reconverted w i t h LiMe2 i n t o 20. Thus, i t i s t h e n a t u r e o f t h e s u b s t ituents w h i f i c o n t r o l s t h e s t a b i l i t y o f these cagF7cluster isomers. We conclude from these r e s u l t s t h a t t h i s i s t r u e a l s o f o r o t h e r isomers t o be described as e l e c t r o n p r e c i s e / e l e ct r o n d e f i c i e n t . BC?3 o r E % B h z ( r e f . IT. I t s low f i e l d s i g n a l a t 77 ppm observed i n t h e 1 9 B NMR spectrum o f
NCMe3 w i t h dimethylamino boron can be dehalogenated t o t h e small
AMINO PHOSPHANYLlDENE BORANES
Amino phosphanylidene boranes, R2N Z ' B = PR, a r e t h e P-homologues o f amino imino boranes. MO c a l c u l a t i o n s have shown t h a t these two classes o f i s o e l e c t r o n i c compounds a r e n o t i s o s t r u ct u r a l ( r e f . 16). The phosphorus compounds are n o t l i n e a r l i k e R2N 'A B = NR b u t show a bond angle a t t h e P atom o f about 100". C a l c u l a t i o n s f u r t h e r i n d i c a t e , t h a t t h e amino phosphanylidene boranes are unstable w i t h respect t o dimerisation. The a c t i v a t i o n energy f o r t h e i r responds w i t h f u t i l e attempts i n many research groups t o i s o l a t e amino phosphanylidene boranes. However, t h e i r s t a b i l i s a t i o n may be possible, i f t h e lone p a i r a t t h e P atom o f RzN B = PR i s occupied by a s u i t a b l e e l e c t r o n p a i r acceptor. This approach has been v e r if i e d , and r e s u l t s w i l l be discussed elsewhere ( r e f . 17).
Another s t r a t e g y i s t o use diphosphadiboretanes as precursors. For t h i s purpose i t i s necessary t o introduce very bulky s u b s t i t u e n t s i n t o t h e diphosphadiboretanes. Thus, (Et2N -B = Pmes)~ r e a c t s r e a d i l y w i t h Cr(C0)s.thf i n a 1 : 1 and 1 : 2 r a t i o w i t h o u t changing t h e basic diphosphadiboretane s t r u c t u r e . I n contrast, (tmp -B = PCEt3)2 replaces t h f from M(C0)s.thf (I4 = C r y W) t o produce 24. The X-ray s t r u c t u r e o f 24 reveals an a l l e n e type arrangement f o r t h e CzNBP(Cr)C skeletonTTherefore, a two coordinated boron atom i s generated d u r i n g t h i s process w i t h formation o f a very s h o r t BP bond (1.748) ( r e f . 18) which i s a r e p r e s e n t a t i v e example o f a BP double bond. 92, 63 '.Tommer-( 1980) .
